Cues in the environment associated with drug use draw the attention of addicts, elicit approach, and motivate drug-seeking and drugtaking behavior, making abstinence difficult. However, preclinical studies have identified large individual differences in the extent to which reward cues acquire these incentive motivational properties. For example, only in some rats does a spatially discrete food cue become attractive, eliciting approach and engagement with it, and acts as an effective conditioned reinforcer. Moreover, a discrete cocaine cue also acquires greater motivational control over behavior in rats prone to attribute incentive salience to a food cue. In this study, we asked whether there is similar individual variation in the extent to which interoceptive cues produced by cocaine itself instigate cocaine-seeking behavior. After quantifying individual variation in the propensity to attribute incentive salience to a food cue, rats were trained to selfadminister cocaine in the absence of an explicit conditional stimulus. We then assessed motivation for cocaine by: (1) performance on a progressive ratio schedule, and (2) the degree to which a cocaine 'prime' reinstated cocaine-seeking following extinction of selfadministration behavior. We found that rats prone to attribute incentive salience to a food cue worked harder for cocaine, and showed more robust cocaine-induced reinstatement. We conclude that there is considerable individual variation in the motivational properties of cocaine itself, and this can be predicted by the propensity to attribute incentive salience to reward cues.
INTRODUCTION
Cues associated with rewards can act as predictive conditional stimuli (CS), but if they are attributed with Pavlovian incentive motivational value ('incentive salience') they can also function as incentive stimuli, and thus exert considerable control over motivated behavior (Berridge, 2001; Bindra, 1978; Cardinal et al, 2002; Flagel et al, 2009; Rescorla, 1988; Stewart et al, 1984) . Indeed, incentive stimuli can acquire such a strong hold over behavior that some individuals have difficulty resisting them. For example, drug cues, including the places and paraphernalia associated with drug use, powerfully motivate behavior. In addicts, drug cues engage attention more powerfully than other stimuli (Duka and Townshend, 2004; Field and Cox, 2008; Schoenmakers et al, 2008) , can provoke craving, and relapse O'Brien et al, 1992) , and even stimulate 'approach' behavior (Wiers et al, 2009) . In nonhuman animals, drug cues are attractive and 'wanted,' facilitating approach and self-administration (Arroyo et al, 1998; Caggiula et al, 2001; Schenk and Partridge, 2001; Uslaner et al, 2006) , and serve as powerful instigators of reinstatement/relapse of drug seeking (de Wit and Stewart, 1981; Milton and Everitt, 2010; Shaham et al, 2003) . It is thought, therefore, that the high prevalence of continued drug use and relapse in addiction is due in part because addicts are hypersensitive to the incentive motivational properties of drug-associated cues (DeJong, 1994; Milton and Everitt, 2010; Robinson and Berridge, 1993; Stewart et al, 1984) .
We have recently found, however, that there is considerable individual variation in the extent to which rats attribute incentive salience to reward cues (Flagel et al, 2007; Robinson and Flagel, 2009 ; see also Boakes, 1977; Zener, 1937) . When a localizable cue is associated with the receipt of food reward, for some rats ('sign trackers', STs), the cue itself becomes attractive, eliciting approach and engagement with it (Hearst and Jenkins, 1974) . For these rats, the CS also serves as a potent conditioned reinforcer (ie, STs will work to get it). Thus, in STs the cue comes to exert an effect as an incentive stimulus Robinson and Flagel, 2009 ). For other rats ('goal trackers', GTs; Boakes, 1977) , the cue is equally predictive of reward (ie, it serves as an effective CS), but they instead learn to approach the location of reward delivery, and for these rats the CS is relatively ineffective as a conditioned reinforcer Yager and Robinson, 2010) . This variation in the propensity to attribute incentive salience to food cues has considerable relevance to addiction-like behavior. For example, STs more readily acquire cocaine self-administration behavior (Beckmann et al, 2011) . Additionally, the removal of a discrete cocaine cue attenuates self-administration in STs, while having little effect on GTs, and the same discrete cocaine cue robustly reinstates cocaineseeking behavior in STs but not GTs (Saunders and Robinson, 2010) .
Our previous studies focused on spatially discrete drug cues in the environment; however, it is unknown whether individual variation in the propensity to attribute incentive salience to a discrete drug cue (Saunders and Robinson, 2010) generalizes to another type of drug cueFthe internal interoceptive cues produced by a drug itself. This is an important question given that the interoceptive effects of drugs also powerfully motivate drug-seeking behavior. Human addicts report that drug craving is most intense in the moments just following drug use (Gawin and Kleber, 1986) and even a small 'taste' (a prime) of a drug can significantly increase reported drug craving (Jaffe et al, 1989) and future drug intake (de Wit and Chutuape, 1993) . Priming doses of drugs also increase attentional bias to drug cues, suggesting that they generally enhance an individual's motivation for drug use (Duka and Townshend, 2004; Schoenmakers et al, 2008) . Additionally, in non-human studies, a drug prime is a potent instigator of drug-seeking behavior (de Wit and Stewart, 1981; Shaham et al, 2003; Stretch et al, 1971) . We asked, therefore, whether variation in the propensity to attribute incentive salience to a discrete food cue predicts variation in the motivational properties of cocaine itself, as assessed by performance on a progressive ratio (PR) test and cocaine-induced reinstatement.
MATERIALS AND METHODS

Subjects And Housing
A total of 70 male Sprague-Dawley rats (Harlan, IN) weighing 250-300 g on arrival were housed individually on a 12-h light/12-h dark cycle (lights on at 0800) in a climatecontrolled colony room. Water and food were available ad libitum. After arrival, rats were given 1 week to acclimate to the colony room before testing began. All procedures were approved by the University of Michigan Committee on the Use and Care of Animals (UCUCA).
Apparatus
Behavioral testing was conducted in standard (22 Â 18 Â 13 cm) test chambers (Med Associates St Albans, VT, USA) located inside sound-attenuating cabinets. A ventilating fan masked background noise. For Pavlovian training each chamber had a food cup located in the center of one wall, 3 cm above a stainless steel grid floor. Head entries into the food cup were recorded by breaks of an infrared photobeam located inside the magazine. A retractable lever illuminated from behind was located 2.5 cm to the left or right of the food cup, B6 cm above the floor. The location of the lever with respect to the food cup was counterbalanced across rats. On the wall opposite the food cup, a red house light remained illuminated throughout all sessions. For self-administration sessions, the food cup and lever were removed and replaced with two nose-poke ports located 3 cm above the floor on the wall opposite the house light. A nose poke into the active port, detected by an infrared photobeam inside the hole, resulted in an intravenous cocaine infusion, delivered by an external pump through a tube connected to the rat's catheter back port. The infusion tube was suspended into the chamber via a swivel mechanism, allowing the rat free movement. Active and inactive nose-poke ports were counterbalanced to control for side bias. All measures were recorded using Med Associates software.
Pavlovian Conditioned Approach Training
Rats were first trained using a Pavlovian approach ('autoshaping') procedure similar to that described previously (Flagel et al, 2007) . For 2 days before the start of training, 10 banana-flavored pellets (45 mg, BioServe, #F0059; Frenchtown, USA) were placed in the home cages to familiarize rats with this food. The following day, rats were placed in the test chambers, with the lever retracted, and trained to retrieve pellets from the food cup by presenting 50 food pellets on a variable time (VT) 30-s schedule. After 2 days of pretraining, Pavlovian training commenced. Each training trial consisted of insertion (and simultaneous illumination) of the lever (CS) into the chamber for 8 s, after which the lever was retracted and a single food pellet (unconditional stimulus, US) was immediately delivered into the food cup. Each of five daily training sessions consisted of 25 response-independent trials, in which CS-US pairing occurred on a variable time (VT) 90-s schedule (the time between CS presentations varied randomly between 30 and 150 s). Lever deflections, food cup entries, latency to lever deflection, and latency to food cup entry during CS presentation were measured.
Following Pavlovian training, rats were assigned to one of three groups based on whether they (1) preferentially interacted with the lever CS ('sign trackers', STs); (2) preferentially interacted with the food cup during lever-CS presentation ('goal trackers', GTs); or (3) had no preference for the lever CS or food cup ('intermediate group', IG) . This was quantified using a composite Pavlovian conditioned approach (PCA) index, which was the average of three measures of conditioned approach behavior: (1) the probability of contacting either the lever CS or food cup during the CS period (P(lever)-P(food cup)); (2) the response bias for contacting the lever CS or the food cup during the CS period ((#lever deflections-#food cup entries)/(#lever deflections + #food cup entries)); and (3) the mean latency to deflect the lever or enter the food cup during the CS period ((food cup entry latency-lever deflection latency)/8 (ie, CS duration)). This produces values on a scale ranging from À1.0 to + 1.0. A score of + 1.0 indicates a rat that on every trial deflected the lever CS and never entered the food cup, a score of À1.0 indicates a rat that entered the food cup and never deflected the lever CS, and a score of 0 indicates a rat that distributed his behavior equally between lever CS and food cup. The average PCA index score for days 4 and 5 of training was used to classify animals. For the purposes of classification, we operationally defined animals as STs (n ¼ 16, 23%), if they obtained a PCA index score of + 0.5 or greater (meaning they rapidly approached and vigorously engaged the lever CS at least twice as much as to the food cup), and as GTs (n ¼ 19, 27%), if they obtained a score of À0.5 or less. The remaining animals within the À0.5/ + 0.5 range, those rats whose preference vacillated between lever CS and food cup, were labeled as IGs (n ¼ 35, 50%). For this study, we were interested in comparing rats that clearly differed in their propensity to attribute incentive salience to reward cues, and therefore, only rats identified as STs or GTs were used in the rest of the study.
Intravenous Catheter Surgery
Next, ST and GT rats were prepared with intravenous catheters as described previously (Crombag et al, 2000) under ketamine hydrochloride (100 mg/kg i.p.) and xylazine (10 mg/kg i.p.) anesthesia. Following surgery, catheters were flushed daily with 0.2 ml sterile saline containing 5 mg/ml gentamicin sulfate (Vedco, MO) to minimize infection and prevent occlusions. Catheter patency was tested weekly by intravenous injection of 0.2 ml sodium thiopental (20 mg/ml in sterile water, Hospira, IL). Only rats that became ataxic within 5-10 s were considered to have patent catheters and included in the analyses.
Self-Administration: Acquisition
Self-administration sessions began 7 days after surgery in chambers outfitted with two nose ports as described above. A nose poke into the active port resulted in an intravenous infusion of cocaine hydrochloride (NIDA) dissolved in 0.9% sterile saline (0.2 mg (weight of the salt) per kg per infusion in 50 ml delivered over 2.6 s) on a fixed ratio (FR) 1 schedule (Carroll and Lac, 1997) . Coincident with the start of an infusion was an unsignaled 20-s timeout period, during which nose pokes were recorded, but had no consequences. No discrete cue in the environment (eg, light, or tone) was explicitly paired with drug delivery, to help ensure that behavior was largely controlled by the interoceptive effects of the drug itself. We also wanted all rats to receive exactly the same number of drug injections, and thus an infusion criterion (IC) was imposed on self-administration sessions (ie, session length was determined by how long it took each rat to reach the IC, not by an explicit time limit (Saunders and Robinson, 2010) . Rats were initially allowed to take 10 infusions per session, and the IC was increased to 20, 40, and then 80 infusions. Rats were trained at IC 10, 20, and 40 for three consecutive sessions and at IC 80 for five consecutive sessions. A total of 27 rats (ST n ¼ 12, GT n ¼ 15) completed the self-administration portion of the experiment. Rats were eliminated when they failed to acquire self-administration (ST n ¼ 1, GT n ¼ 1), or lost catheter patency (ST n ¼ 3, GT n ¼ 4).
Self-Administration: Progressive Ratio Test
Following five sessions at IC 80 all rats received two consecutive sessions during which the reinforcement schedule was changed from a FR1 to a PR schedule. On the PR schedule, the number of active nose pokes required to produce the next cocaine infusion increased after each infusion according to the following exponential progression: 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40y , derived from the formula ((5 Â e 0.2n )À5), rounded to the nearest integer, where n is the position in the sequence of ratios (Roberts and Richardson, 1992) . PR sessions were terminated only after 1 h had lapsed between completed ratios/infusions received. After the two PR sessions, rats were returned to a FR1 reinforcement schedule at IC 80 for three additional sessions to re-stabilize behavior.
Cocaine-Primed Reinstatement Test
After the last self-administration session at IC 80, rats underwent eight 60-min sessions of extinction training. In these sessions an active nose-poke response did not produce a cocaine infusion, although the infusion pump was turned on. The day after the final extinction session, rats were tested for cocaine-induced reinstatement of drugseeking behavior. On this day, immediately before placement in the testing chamber, each rat received a 15 mg/kg i.p. injection of cocaine. Nose pokes were recorded, but had no consequences. Before testing, rats were habituated to the injection experience by receiving an i.p. injection of saline in their home cages.
Statistical Analysis
Linear mixed-models (LMM) analysis was used for all repeated measures data. The best-fitting model of repeated measures covariance was determined by the lowest Akaike information criterion score (Verbeke, 2009) . Depending on the model selected, the degrees of freedom may have been adjusted to a non-integer value. Analysis of variance was used to compare PR and reinstatement responding. Statistical significance was set at po0.05. Figure 1 shows the distribution of PCA index scores for all rats. As discussed above, GTs were operationally defined as rats with scores ranging between À1.0 and À0.5, STs between + 0.5 and + 1.0, and IGs between À0.5 and + 0.5. There was some variation in index scores within the ST and GT groups, but most rats clustered near the extreme ends of the potential score range (ie, the rats tested on selfadministration showed a strong preference for either the lever CS or the food magazine during PCA training). Figure 2 shows the change in approach behavior as a function of training session in STs and GTs. With experience, STs developed a high probability of rapidly approaching and vigorously engaging the lever CS (Figure  2a-c) . In contrast, GTs rarely engaged the lever CS and instead came to rapidly approach the food magazine during lever-CS presentation (Figure 2d-f) . Thus, as in our previous studies (Flagel et al, 2007; Saunders and Robinson, 2010) , the lever CS developed the ability to evoke a conditioned response (CR) in both STs and GTsFit served as a predictive CS in bothFbut it was an attractive incentive stimulus only for STs.
RESULTS
Individual Variation in Pavlovian Conditioned Approach Behavior
Acquisition of Cocaine Self-Administration in STs and GTs
Rats were next trained to nose poke for an IV cocaine infusion under conditions in which no discrete cue (CS) was paired with drug delivery. Given that training sessions were limited to a fixed infusion criterion, group differences in acquisition would be evident in the number of cocaine infusions taken per minute (rate). There were no group differences in rate at any infusion criterion (no effect of group, F (1,38.05) ¼ 0.022, p ¼ 0.884; Figure 3a ). Both groups made the same number of active nose pokes (F (1,22.55) ¼ 1.80, p ¼ 0.19), which increased across training (effect of session, F (13,19.86) ¼ 18.7, po0.0001), and inactive nose pokes (F (1,27.31) ¼ 3.274, p ¼ 0.081), which did not increase (no effect of session, F (13,19.26) Figure 3b ). To further examine baseline self-administration behavior, within-session responding was analyzed during the final two sessions of training at IC 80. The results of this analysis are shown in Figure 3c . The pattern of cocaine intake was the same in STs and GTs. By the end of training, both groups took infusions at a consistent, uniform rate (no group Â infusion bin interaction, F (1,44.14) ¼ 0.626, p ¼ 0.838). Thus, using this procedure, there were no group differences in the acquisition self-administration behavior, as we have reported previously (Saunders and Robinson, 2010) . However, using other procedures and doses STs have been reported to acquire cocaine self-administration more readily than GTs (Beckmann et al, 2011) .
STs are More Motivated to Obtain Cocaine than GTs
By the end of self-administration training on a FR 1 schedule STs and GTs showed identical, stable behavior ( Figure 3c) . All rats were then transferred to a PR schedule for two consecutive sessions. We found no effect of PR session in either group, so the data from the two PR sessions were averaged together. STs made more active responses and attained higher final ratios ('breakpoints') than GTs (effect of group, F (1,50) ¼ 9.632, p ¼ 0.003), reaching a final ratio nearly twice that of GTs (Figure 4a Rats receiving a raw score of + 0.5-+ 1.0 were designated sign trackers (STs) and rats receiving a raw score of À0.5 to À1.0 were designated goal trackers (GTs). The remaining rats, with scores between À0.5 and + 0.5 were designated intermediates (IGs). Raw scores are presented along the x-axis and corresponding absolute values along the yaxis. Index scores for IG rats are included to illustrate the bimodality of the index distribution, but IG rats were excluded from all further testing. Figure 2 Behavior directed towards the lever CS (sign tracking) is shown in panels a-c and that directed towards the food cup during CS presentation (goal tracking) is shown in panels d-f. Mean + SEM (a) probability of contacting the lever CS (#trials with a lever CS contact/ #trials per session) during the 8-s CS period (b) number of lever CS contacts made during the 8-s CS period, (c) latency to the first lever-CS contact, (d) probability of food cup entry (# trials with a food cup entry/#trials per session) during the 8-s CS period (e) number of food cup entries made during the 8-s CS period, (f) latency to the first food cup entry during the CS period. For all of these measures there was a significant effect of group (ST or GT), session, and a group x session interaction (po0.001).
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should be emphasized that although STs worked nearly twice as much as GTs during PR testing, this amounted to, on average, only three more cocaine infusions relative to GTs (Figure 4a ). Given the large number of infusions all rats received across training, this is a negligible difference in drug exposure that unlikely had any carryover effects on subsequent self-administration behavior (see below).
Following PR test sessions, rats were returned to an FR1 schedule at IC 80 to re-stabilize behavior. During these sessions there were no group differences in the rate of selfadministration (F (1,25.02) ¼ 0.001, p ¼ 0.971), or number of responses (F (1,25.03) ¼ 0.209, p ¼ 0.652) (data not shown). After the resumption of baseline levels of self-administration, rats underwent eight sessions of extinction training, during which nose pokes no longer produced cocaine. During this period STs and GTs decreased responding (effect of session, F (7,43.65) ¼ 9.352, po0.0001), and they did so at a similar rate (no group Â session interaction, F (1,43.65) ¼ 1.612, p ¼ 0.157; Figure 5 ).
Cocaine-Induced Reinstatement in STs and GTs
Following extinction training all rats were tested for cocaine-induced reinstatement of drug-seeking behavior. Rats were given a priming injection of cocaine (15 mg/kg, i.p.) immediately before being placed into the test chambers for a 60-min session under extinction conditions. STs showed more robust reinstatement of cocaine-seeking than GTs (F (1,50) ¼ 4.657, p ¼ 0.036; Figure 6 ). Although both groups discriminated between active and inactive nose pokes (effect of nose poke port, F (1,50) ¼ 19.856, po0.0001), STs reinstated to a greater degree than GTs (significant group Â nose-poke interaction, F (1,50) ¼ 4.526, p ¼ 0.038; Figure 6 ). We next assessed the relation between performance during PR testing and the degree of reinstatement following cocaine priming. For STs, performance during PR sessions was significantly correlated with performance during reinstatement (Spearman's r ¼ 0.504, p ¼ 0.048), but for GTs the correlation was not significant (Spearman's 
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BT Saunders and TE Robinson r ¼ 0.007, p ¼ 0.490). Thus, ST rats that made the most responses under a PR schedule tended to reinstate the most following a cocaine prime.
DISCUSSION
We asked whether variation in the propensity to attribute incentive salience to a localizable food cue predicts variation in the ability of cocaine to spur cocaine-seeking behavior. We found that it does. At the doses tested, STs worked harder to receive cocaine injections (ie, had higher 'breakpoints' on a PR schedule), and showed more robust cocaine-induced reinstatement, than GTs. These findings, together with our previous report (Saunders and Robinson, 2010) , suggest that both interoceptive and exteroceptive drug cues acquire more potent incentive motivational properties, and thus the ability to spur drug-seeking behavior, in STs than GTs. The ability of different types of drug cues to motivate behavior is especially important in the context of addiction, as drug-associated stimuli of many kinds can initiate a cascade of behaviors leading to relapse (de Wit, 1996; Milton and Everitt, 2010; Shaham et al, 2003) . Cues gain this control over behavior if they come to act as incentive stimuli, which have three fundamental properties: (1) they attract and elicit approach; (2) they acquire conditioned reinforcing properties and become 'wanted,' in the sense that animals will work to obtain them; and (3) they energize ongoing instrumental actions (Berridge, 2001; Cardinal et al, 2002; Milton and Everitt, 2010) . There is, however, considerable individual variation in the propensity to attribute incentive salience to reward cues. A food cue acquires the properties of an incentive stimulus: it attracts (Flagel et al, 2007) , it serves as an effective conditioned reinforcer , and it spurs foodseeking behavior (Yager and Robinson, 2010) , to a greater extent in STs than GTs. This variation in incentive salience attribution extends to drug cues as well, as a discrete cocaine-associated cue motivates self-administration and instigates more robust reinstatement in STs than GTs (Saunders and Robinson, 2010) . Given the established differences between ST and GT rats, our current results suggest that cocaine itself also motivates drug-seeking behavior to a greater degree in rats with a propensity to attribute incentive salience to reward-associated cues (ie, STs).
There is more than one potential psychological process that can account for the variation in drug-seeking behavior exhibited by ST and GT rats in the current experiment. First, the subjective experience associated with cocaine, the constellation of interoceptive cues produced by cocaine, may be more pleasurable and/or attributed with greater incentive salience in STs than GTs. Thus, STs may come to 'want' the experience of cocaine more than GTs (Robinson and Berridge, 2000) . This interpretation is consistent with a recent finding that under some conditions STs acquire cocaine self-administration behavior more readily than GTs (Beckmann et al, 2011) . With the procedure used here, there was no difference between STs and GTs in the acquisition of cocaine self-administration (see also Saunders and Robinson, 2010 ), but our procedure was explicitly designed to limit any potential group difference in acquisition by limiting self-administration sessions by the number of cocaine infusions, not time. Indeed, when allowed to selfadminister cocaine unrestrained during PR sessions STs sought out more drug than GTs. Thus, the interoceptive cues produced by cocaine seem to motivate greater drugseeking behavior in STs than GTs.
One limitation of this study is that only one dose of cocaine was used. Extensive dose-effect studies would be required to determine if cocaine is more potent in STs (ie, their dose-response function is shifted to the left) compared with GTs, or if cocaine has a larger maximum effect in STs (ie, their dose-response function is shifted up). However, the oppositeFthat cocaine is more potent and/or efficacious in GTsFis very unlikely. In the context of our results, if this were the case, GTs would have to show more robust reinstatement compared with STs to a cocaine prime dose below 15 mg/kg, and then the opposite effect we observed at 15 mg/kg. There is no precedent in the reinstatement literature for this type of dose-effect relationship and, in general, cocaine-primed reinstatement is weak at doses below 15 mg/kg and maximal at doses of 15-20 mg/ kg. Therefore, we think the data are consistent with the conclusion that cocaine is more potent and/or has greater maximum effect, in STs relative to GTs.
Variation in the motivational effects of cocaine described here in rats has parallels in humans. The ability of a drug prime to instigate relapse is well established, but there are also marked individual differences in both the subjective effects of drugs (de Wit et al, 1986; de Wit et al, 1987) and the drug-priming effect (de Wit et al, 1987; Kirk and de Wit, 2000) . Specifically, individuals reporting the greatest subjective drug effects have the highest motivation to obtain drug. This is supported by clinical reports indicating that not all drug users relapse after drug-prime exposure (Lloyd and Salzberg, 1975) . Our results suggest, therefore, that some of the variation in drug-induced relapse potential may be due to differences in the tendency of an individual to attribute incentive value to interoceptive drug cues.
A second, although not mutually exclusive interpretation of our results, is that cocaine enhances the motivational properties of external cues present during drug exposure to a greater degree in STs than GTs. Drugs can influence responding due to their direct subjective effects, but also by amplifying the motivational value of other stimuli. These effects are behaviorally dissociable but generally have an impact in a synergistic manner (Caggiula et al, 2009; Palmatier et al, 2006) . Stein (1964) and Hill (1970) originally conceptualized this enhancement effect that was later confirmed in experiments by Robbins (1975 Robbins ( , 1976 Robbins ( , 1984 and others (Beninger et al, 1981; Caggiula et al, 2009; Chaudhri et al, 2006; Palmatier et al, 2006; Phillips and Fibiger, 1990) , who demonstrated the ability of drugs to enhance the conditioned reinforcing properties of environmental stimuli. It is notable that there is considerable individual variation in the strength of this effect (Hill, 1970; Phillips and Fibiger, 1990; Robbins, 1975) . Thus, the differences between STs and GTs in PR performance and cocaine-primed reinstatement may be due to differences in cocaine's ability to enhance the motivational value of noncontingent external cues independent of, or in addition to, cocaine's interoceptive effects. Perhaps STs responded more than GTs during PR testing and following cocaine priming in part because contextual stimuli continuously present during experience with cocaine acquired enhanced incentive salienceFthey became more motivatingFand thus spurred greater drug-seeking in STs than GTs (Berridge, 2001; Robinson and Berridge, 1993) . Although we took care to eliminate discrete drug-paired cues (CSs), there were stimuliFthe context of the experimental chamber, the nose-poke portFthat remained present while the rats experienced cocaine. It is possible that the action of approaching and emitting an active nose poke became more likely in STs because cocaine potentiated the incentive value of these stimuli.
It is not known what neurobiological differences between STs and GTs account for their varying propensity to attribute incentive salience to food and drug cues. Of course, there is a wealth of evidence implicating ascending mesotelencephalic dopamine (DA) systems in the assignment of incentive motivational properties to rewards and associated stimuli (Berridge, 2007; Berridge and Robinson, 1998; Cardinal et al, 2002; Di Chiara, 1998; Robbins et al, 1989) . For example, blockade of DA receptors attenuates cocaine self-administration and reinstatement behavior (Pilla et al, 1999; Woolverton and Virus, 1989) . Additionally, potentiation of DA activity in the nucleus accumbens (NAc) via local amphetamine injection increases the conditioned reinforcing properties of reward cues, whereas DA blockade in NAc attenuates it Robbins, 1984, 1986) . Unfortunately, there has been little research on potential neurobiological differences in STs and GTs, but recent evidence suggests that differences in DA systems do exist. For example, the acquisition of a sign-tracking CR is DA-dependent, but learning a goal-tracking CR is not (Flagel et al, 2011) . Furthermore, during Pavlovian training there is a transition of the phasic DA signal from a food US to a lever CS in STs, but this transfer does not occur in GTs (Flagel et al, 2011) . These studies implicate differences in DA signaling in the behavioral differences seen with food-associated cues, but further research is needed to determine whether DA system differences account for variation in the motivational properties of cocaine we report here.
In conclusion, we report that it is possible to predict, before any drug experience, which rats later will be more motivated to work for cocaine and to seek cocaine following a priming injection. Interestingly, Mahler and de Wit (2010) recently reported what may be a related phenomenonF smokers who show high craving to food cues when food deprived also show the highest craving to smoking cues. The results reported here extend our previous studies with STs and GTs and suggest that for some individuals not only do exteroceptive drug-associated cues acquire greater motivational control over behavior, but interoceptive drug cues do as well. Individuals for whom drug cues exert an effect as potent incentive stimuli will have more difficulty resisting them than individuals for whom cues merely have an impact as predictors of reward. Thus, a complex set of external and internal cues may continually goad some individuals to action (Robinson and Berridge, 1993; Stewart et al, 1984) , and therefore these individuals may be most susceptible to addiction. It will be important to further understand the psychological and neurobiological mechanisms that underlie variation in propensity to attribute incentive salience to reward cues because this might not only be relevant to the propensity for addiction, but for other impulse control disorders as well.
